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(54) PHOTOMULTIPLIER 

(57)Abstract: 

PURPOSE: To largely improve energy resolution by 
disposing a carrier multiplication layer obtained by 
epitaxial growth and a breakdown voltage control 
layer of dopant concentration higher than the former 
on a semiconductor element opposite to a 
photocathode. 

CONSTITUTION: A photocathode 40 for producing 
photoelectrons due to photons, a semiconductor 
element 66 for multiplying photoelectrons, opposite to 
it, and electron lenses 80 converging photoelectrons 
are disposed in a high-vacuum vessel comprising an 
enclosure 20, a light incident window 30 and a stem 
50. In a photomultiplier tube 10, as above, a carrier 
multiplication layer 62 with dopant obtained by 

epitaxial growth being uniformly distributed is disposed on a semiconductor substrate 61 of 
a semiconductor element 60. A breakdown voltage control layer 64 of dopant 
concentration higher than the former is disposed on the layer. A photoelectron receiving 
portions 65 is partly exposed by means of an insulating layer 67 and an ohmic electrode 
layer 68. Accordingly, uniformity in avalanche multiplication gain for photoelectrons is 
attached and energy resolution is largely raised, so that high sensitive and quantitative 
measurement of-faint light becomes possible. 
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♦NOTICES * 

JPO and NCIPI are not responsible for any 
dam ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The photoelectric cathode which emits into a vacuum the envelope which holds the 
interior to a high vacuum, and the photoelectron which it was formed in the vacuum side of the 
entrance window of this envelope, and was excited by incident light, It counters with this 
photoelectric cathode, is installed in the interior of said envelope, and has the semiconductor device 
which detects said photoelectron emitted from the photoelectric cathode concerned. Said 
semiconductor device The semi-conductor substrate of the 1st conductivity type, and the carrier 
multiplication layer of the 2nd conductivity type formed by growing epitaxially on this semi- 
conductor substrate, By being formed on the breakdown voltage control layer of the 2nd 
conductivity type which is formed on this carrier multiplication layer and has larger dopant 
concentration than the dopant concentration of the carrier multiplication layer concerned, and this 
breakdown voltage control layer The photomultiplier tube characterized by consisting of ohmic 
electrode layers in which the front face of the breakdown voltage control layer concerned is 
selectively exposed as the acceptance section of said photoelectron. 

[Claim 2] It is the photomultiplier tube according to claim 1 which is installed between said 
photoelectric cathode and said semiconductor devices, is further equipped with the electron lens 
which converges said photoelectron emitted from the photoelectric cathode concerned, and is led to 
said acceptance section of the semiconductor device concerned, and is characterized by the aperture 
of said acceptance section being 10mm or less. 

[Claim 3] The circumference of the front face exposed as said acceptance section of said breakdown 
voltage control layer is the photomultiplier tube according to claim 1 or 2 characterized by being 
covered with the insulating layer which consists of a nitride. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] the fluorescence which this invention is the photomultiplier tube which 
detects a feeble light which cannot be sensed with a naked eye by the sensibility which reaches a 
quantum limitation, and is generated more from the living body minute amount matter in a detail — a 
single photoelectron - it is related with the photomultiplier tube quantitatively measured by 
counting. 
[0002] 

[Description of the Prior Art] There are some which built in the avalanche photo-diode (APD; 
Avalanche Photo Diode) as a semiconductor device which amplifies and detects the photoelectron 
which there are various kinds of things in the conventional photomultiplier tube, for example, was 
emitted from photoelectric cathode. Such APD, especially APD of a bulk mold consist of various 
conductivity-type fields formed in the semi-conductor substrate by the diffusion method, ion- 
implantation, etc. 

[0003] In addition, the advanced technology about such the photomultiplier tube is indicated by 
"United States Patent, No.5146296, Sep., 1992", "LASER FOCUS WORLD, pp. 125-132, Nov., 
1993", etc. at the detail. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional photo- 
multiplier, the avalanche multiplication gain over a photoelectron is greatly dependent on the 
incidence location of the photoelectron in APD, and differs, and good uniformity cannot be obtained. 
Therefore, when two or more photoelectrons carry out incidence to the location where the 
acceptance sections of APD differ, there is a problem [ energy resolution ] of being inadequate, 
practical. 

[0005] The electron lens which converges a photoelectron and is made to irradiate the acceptance 
section of APD as one of the approaches of solving this problem is installed. However, it is 
theoretically impossible to complete the photoelectron emitted from photoelectric cathode with this 
electron lens as one on the acceptance section of APD. Therefore, since incidence of each 
photoelectron is carried out to the location where the acceptance sections of APD differ, it has fully 
come to cancel the heterogeneity of the avalanche multiplication gain over a photoelectron too. 
[0006] In addition, installation of such an electron lens is indicated by JP,5-54849,A at the detail, for 
example. 

[0007] Moreover, building in a photodiode (PD; Photo Diode) is performed as a semiconductor 
device which amplifies and detects the photoelectron emitted from photoelectric cathode as one of 
the approaches of solving the above-mentioned problem. This PD is constituted as a location sensing 
element which arranged plurality superficially. However, since such PD does not have avalanche 
multiplication gain, total gain is comparatively small. Therefore, there is a problem that a single 
photoelectron is easily undetectable. 

[0008] In addition, the advanced technology about such the photomultiplier tube "Nucl.Instr.and 
Meth., vol.A310 and pp.261-266, 1991 ""Nucl.Instr.and Meth., vol.A315, and pp.375-384, 
1992""Nucl.Instr.and Meth. and vol. - A330, pp.93-99, and 1993" - it is indicated by "HYBRID 
PHOTOMULTIPLIER TUBES, Delft Electronische Producten", etc. at the detail. 
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[0009] Then, this invention is made in view of the above trouble, and aims at offering the 
photomultiplier tube which raises energy resolution substantially by attaining the uniformity of the 
avalanche multiplication gain over a photoelectron in the electron tube which contained the 
semiconductor device which has an avalanche multiplication layer. 
[0010] 

[Means for Solving the Problem] The photomultiplier tube of this invention was formed in the 
vacuum side of the entrance window of the envelope which holds the interior to a high vacuum in 
order to attain the above-mentioned object, and this envelope, it countered with the photoelectric 
cathode which emits into a vacuum the photoelectron excited by incident light, and this photoelectric 
cathode, was installed in the interior of an envelope, and is equipped with the semiconductor device 
which detects the photoelectron emitted from the photoelectric cathode concerned. 
[001 1] The carrier multiplication layer of the 2nd conductivity type formed by a semiconductor 
device growing epitaxially here on the semi-conductor substrate of the 1st conductivity type, and this 
semi-conductor substrate, By being formed on the breakdown voltage control layer of the 2nd 
conductivity type which is formed on this carrier multiplication layer and has larger dopant 
concentration than the dopant concentration of the carrier multiplication layer concerned, and this 
breakdown voltage control layer It is characterized by consisting of ohmic electrode layers in which 
the front face of the breakdown voltage control layer concerned is selectively exposed as the 
acceptance section of a photoelectron. 

[0012] In addition, it is installed between photoelectric cathode and a semiconductor device, and has 
further the electron lens which converges the photoelectron emitted from the photoelectric cathode 
concerned, and is led to the acceptance section of the semiconductor device concerned, and the 
aperture of the acceptance section is good also considering being 10mm or less as a description. 
[0013] Moreover, the circumference of the front face exposed as the acceptance section of a 
breakdown voltage control layer is good also considering being covered with the insulating layer 
which consists of a nitride as a description. 
[0014] 

[Function] In the photomultiplier tube of this invention, if a predetermined electrical potential 
difference is impressed from an external voltage source, inside an envelope, the electric field which 
go to photoelectric cathode from a semiconductor device will occur. Moreover, since a reverse bias 
electrical potential difference is impressed to the interior of a semiconductor device, the depletion 
layer (avalanche multiplication field) prolonged toward the breakdown voltage control layer from the 
plane of composition of a semi-conductor substrate and a carrier multiplication layer generates. 
[0015] Here, if an external feeble light carries out incidence to the entrance window of an envelope 
as a photon, this photon will penetrate the interior of an entrance window, and will be absorbed by 
photoelectric cathode. Therefore, the electron located in the valence band of photoelectric cathode 
excites to a conduction band, and is emitted by negative electron affinity operation into a vacuum as 
a photoelectron. Thus, the photoelectron emitted from photoelectric cathode counters the electric 
field which go to photoelectric cathode from a semiconductor device, and carries out incidence to the 
acceptance section of a semiconductor device. 

[0016] Whenever the photoelectron which carried out incidence to the acceptance section of a 
semiconductor device loses energy predetermined in the interior of a carrier multiplication layer, it 
generates the electronic-electron hole pair of a couple. Therefore, thousands of sets of electronic- 
electron hole pairs occur as a secondary carrier by the incidence of a single photoelectron. Since the 
gain over the photoelectron in this process, i.e., electron irradiation gain, is determined by the 
incidence energy of a photoelectron, it has good uniformity to the incidence location of the 
photoelectron in the acceptance section of a semiconductor device. 

[0017] The drift of the secondary carrier which carried out multiplication immediately after this 
electron irradiation is countered and carried out to the electric field which go to a semi-conductor 
substrate or a breakdown voltage control layer from a carrier multiplication layer. One carrier of this 
secondary carrier arrives at the avalanche multiplication field generated inside the carrier 
multiplication layer. Thus, the drift was carried out, and since it repeats, the process, i.e., avalanche 
multiplication, in which a carrier collides with the molecule which constitutes a carrier multiplication 
layer, and ionization is caused, a dozens times as many electronic-electron hole pair as this is 
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generated further. While carried out avalanche multiplication, the drift of the carrier is countered and 
carried out to this electric field that go to a semi-conductor substrate or a breakdown voltage control 
layer from a carrier multiplication layer, and it reaches a semi-conductor substrate or a breakdown 
voltage control layer. 

[0018] Here, the dopant distribution is dramatically controlled by homogeneity by growing 
epitaxially and forming a carrier multiplication layer on the semi-conductor substrate which has a 
different conductivity type from this. Therefore, the gain over the photoelectron in this process, i.e., 
avalanche multiplication gain, is reducing the dependence over the generation-of-carriers location in 
a carrier multiplication layer, and it has good uniformity. 

[0019] The reverse current corresponding to the amount of multiplication of such a carrier is 
outputted to an external arithmetic unit from an ohmic electrode layer. Therefore, based on actuation 
of an external arithmetic unit, the number of the photon which carried out incidence to the 
photomultiplier tube is detected according to an individual one by one. therefore, the sensibility 
which reaches a quantum limitation in a feeble light which cannot be sensed with a naked eye — a 
single photoelectron ~ it is quantitatively measurable with counting. 
[0020] 

[Example] Hereafter, the configuration and operation of an example concerning the photomultiplier 
tube of this invention are explained to a detail with reference to drawing 1 thru/or drawing 5 . In 
addition, in explanation of a drawing, the same sign is given to the same element, and the 
overlapping explanation is omitted. Moreover, the rate of a proportion of a drawing is not necessarily 
in agreement with the thing of explanation. 

[0021] As shown in 1st example drawing 1 , the photomultiplier tube 10 of this example makes the 
ends of the bell shape envelope 20 close airtightly by the entrance window 30 and the stem 50, 
respectively, holds the interior to the high vacuum of pressure 10-8Torr extent, and is constituted. As 
an electron lens 80, two focal electrodes 81 and 82 approach photoelectric cathode 30 and a stem 50, 
and are installed in the interior of this photomultiplier tube 10, respectively, and the semiconductor 
device 60 is installed on the stem 50. 

[0022] An envelope 20 is a bell shape glass by-pass. The bell shape mounting material 21 and 22 
bent by two steps is installed in the ends of this envelope 20, respectively. In addition, these 
mounting material 21 and 22 is formed with the covar metal, respectively. 
[0023] An entrance window 30 is a disc-like glass face-plate, and has the flat surface and the 
concave surface, respectively as each front face by the side of atmospheric air and a vacuum. The 
bell shape mounting material 23 bent by two steps is installed in the vacuum side periphery section 
of this entrance window 30. The envelope 20 and the entrance window 30 are constituted by one by 
welding selectively each edge of two mounting material 21 and 23. In addition, the glass ingredient 
of an entrance window 30 has permeability to the wavelength of the light made into the measuring 
object. 

[0024] A stem 50 is a disc-like metal face-plate, and has heights as an installation field of a 
semiconductor device 60 in the vacuum side. The envelope 20 and the stem 50 are constituted by one 
by welding selectively the vacuum side periphery section of this stem 50, and the edge of the 
mounting material 22. Moreover, the through hole 51 which inserts in the terminal rod 72 which a 
semiconductor device 60 mentions later is formed near the center section of the stem 50. In addition, 
this stem 50 is formed with the covar metal. 

[0025] The thin film-like photoelectric cathode 40 is vapor-deposited and formed in the vacuum side 
front face of an entrance window 30. The predetermined electrical potential difference is impressed 
through the mounting material 23 from the external voltage source (not shown), for example, this 
photoelectric cathode 40 is [ about / potential ]. -It is held at 15kV. In addition, photoelectric cathode 
40 is formed with alkali metal, for example, K, Na, Cs, Sb, etc. Moreover, in photoelectric cathode 
40, incident light hnu is received, photo electric translation is carried out with predetermined 
quantum efficiency, and it is Photoelectron e. - Aperture phi 1 to generate It is about 16mm. 
[0026] The focal electrode 81 of the shape of a bowl which one step was bent and was penetrated is 
selectively joined to the edge of the mounting material 21 by welding. This focal electrode 81 is 
installed with the position countered and converged on a stem 50. The same electrical potential 
difference as the applied voltage of photoelectric cathode 40 is impressed through the mounting 
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material 21 from an external voltage source (not shown), for example, the focal electrode 81 is 
[ about / potential ]. -It is held at 15kV. In addition, the focal electrode 81 is formed from stainless 
steel. 

[0027] The focal electrode 82 of the shape of a hollow truncated cone which one step was bent and 
was penetrated is selectively joined to the edge of the mounting material 22 by welding. This focal 
electrode 82 is installed with the position which counters a stem 50 and is opened, the focal electrode 
82 impresses a predetermined electrical potential difference through the mounting material 22 from 
an external voltage source (not shown) — having — for example, the potential 0 [ about ] — it is held 
V. In addition, the focal electrode 82 is formed from stainless steel. 

[0028] On the vacuum side heights of a stem 50, the acceptance section 65 which a semiconductor 
device 60 mentions later is made to counter photoelectric cathode 50, and it is installed. The 
electrode layer 66 which this semiconductor device 60 mentions later, and the metal terminal rod 72 
which inserted in the through hole 51 of a stem 50 airtightly are electrically connected by carrying 
out bonding of the edge of the metal wire 71, respectively, the front-face side of a semiconductor 
device 60 impresses a predetermined electrical potential difference through the terminal rod 72 and a 
wire 71 from an external voltage source (not shown) — having — about [ for example, / potential ] — 
it is held -145 V. moreover, the rear- face side of a semiconductor device 60 impresses the same 
electrical potential difference as the applied voltage of an electron lens 8 1 through a stem 50 from an 
external voltage source (not shown) — having — for example, the potential 0 [ about ] — it is held V. 
Thereby, the reverse bias electrical potential difference is impressed to the semiconductor device 60 
as a whole. 

[0029] In addition, the terminal rod 72 is connected to the external arithmetic unit (not shown) which 
processes the detecting signal outputted from the semiconductor device 60. Moreover, between a 
through hole 51 and the terminal rod 72, the cylinder-like insulating material 52 closes airtightly, and 
is installed in it. Furthermore, it sets to a semiconductor device 60 and is Photoelectron e. - The 
aperture phi 2 which is received and is effectively amplified with a predetermined multiplication 
factor is about 3mm. 

[0030] As shown in drawing 2 , the square pole-like semiconductor device 60 is constituted as APD. 
This semiconductor device 60 is the photoelectron e which was emitted from photoelectric cathode 
30 and it converged with the electron lens 80. - It is the semiconductor detector amplified and 
detected in the avalanche multiplication field which the acceptance section 65 mentioned later 
irradiates and is mentioned later. 

[0031] On the center section of the plate- like semi-conductor substrate 61, the disc-like carrier 
multiplication layer 62 is formed. On the periphery of this semi-conductor substrate 61, the guard 
ring layer 63 in a circle has the same thickness as the carrier multiplication layer 62, and is formed. 
The disc-like breakdown voltage control layer 64 is formed in the surface central field of the carrier 
multiplication layer 62. 

[0032] The semi-conductor substrate 61 is the 1st conductivity type, i.e., n+. It is the high 
concentration single crystal wafer formed by Si of a mold. This semi-conductor substrate 61 has 
about 500 micrometers of thickness, and P is doped by concentration abbreviation 1019cm-3 as an n 
mold dopant, and it has specific resistance about 0.01 ohm-cm. 

[0033] The carrier multiplication layer 62 is a low concentration semi-conductor layer formed by 
growing epitaxially on the semi-conductor substrate 61 in Si of the 2nd conductivity type, i.e., p 
mold. This carrier multiplication layer 62 has about 10 micrometers of thickness, and B is doped by 
concentration abbreviation 1014-1016cm-3 as a p mold dopant, and it has specific resistance about 
one to 100 ohm-cm. The dopant concentration of the carrier multiplication layer 62 is a value to 
which the depletion layer which spreads from a plane of composition with the semi-conductor 
substrate 61 reaches the breakdown voltage control layer 64, when the electrical potential difference 
close to breakdown voltage is impressed. 

[0034] In addition, it is suitable for the thickness d to which epitaxial growth of the good crystallinity 
is held and carried out in this carrier multiplication layer 62 to set up so that it may be contained in 
the range of about 5 micrometers - about 50 micrometers. Since the heterogeneity of the dopant 
concentration of the direction of thickness becomes remarkable when larger than about 50 
micrometers, Thickness d is Photoelectron e. - The uniformity of the receiving avalanche 
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multiplication gain will be degraded depending on a generation-of-carriers location. On the other 
hand, since the depletion layer in which Thickness d extends and spreads from the semi-conductor 
substrate 61 when smaller than about 5 micrometers becomes thin, it is Photoelectron e. - The 
receiving electron irradiation gain will be reduced. 

[0035] Here, the reason for having set Thickness d as about 10 micrometers is the photoelectron e 
irradiated by acceleration energy abbreviation 15keV. - It is Photoelectron e to about 3 micrometers 
of maximum ranges, and about 3 micrometers of thickness of the avalanche multiplication field 
mentioned later. - It is because some allowances were taken into consideration, respectively in order 
to press down the receiving fluctuation of electron irradiation gain to minimum. 
[0036] The guard ring layer 63 is a high concentration semi-conductor layer formed by carrying out 
thermal diffusion of the n mold dopant to the periphery of the carrier multiplication layer 62 as a 
dopant of the 1st conductivity type. This guard ring layer 63 has about 10 micrometers of the same 
thickness as the thickness of the carrier multiplication layer 62, and P is doped as an n mold dopant 
by the concentration abbreviation 1019cm-3 [ same ] as the concentration of the semi-conductor 
substrate 61. 

[0037] The breakdown voltage control layer 64 is a high concentration semi-conductor layer formed 
by carrying out thermal diffusion of the p mold dopant to the surface central field of the carrier 
multiplication layer 62 as a dopant of the 2nd conductivity type. This breakdown voltage control 
layer 64 has about 1 micrometer of thickness, and B is doped as a p mold dopant by the 
concentration abbreviation 1019cm-3 [ same ] as the concentration of the semi-conductor substrate 
61. The acceptance section 65 of a circle configuration counters photoelectric cathode 40, and is 
exposed to the surface center section of this breakdown voltage control layer 64. 
[0038] In addition, it sets in this acceptance section 65, and is Photoelectron e. - Aperture phi 2 
which is received and is amplified with a predetermined multiplication factor It is suitable to set up 
so that it may be contained in the range of about 10mm or less. It is aperture phi 2. Since the 
heterogeneity of the dopant concentration of the direction of a front face becomes remarkable when 
larger than about 10mm, it is Photoelectron e. - The uniformity of the receiving avalanche 
multiplication gain will be degraded depending on a generation-of-carriers location. Moreover, since 
the capacity of an avalanche multiplication field becomes large, working speed will decrease. 
[0039] On most on the surface periphery section of the breakdown voltage control layer 64 located in 
the periphery of the acceptance section 65, and the whole front face of the guard ring layer 63, two 
kinds of insulating layers 66 and 67 carry out a laminating one by one, and are formed. An insulating 
layer 66 is the insulating thin film formed with the oxide of Si. The thickness of this insulating layer 
66 is about 200nm. An insulating layer 67 is the insulating thin film formed with the nitride of Si. 
The thickness of this insulating layer 67 is about 50nm. 

[0040] In addition, in case the guard ring layer 63 and the breakdown voltage control layer 64 are 
formed, in order to hold the crystallinity of the carrier multiplication layer 62 good, an insulating 
layer 66 oxidizes the surface field of the carrier multiplication layer 62 beforehand, and is formed. 
Moreover, in case photoelectric cathode 40 is formed, in order not to degrade the semi-conductor 
property of the carrier multiplication layer 62, the guard ring layer 63, and the breakdown voltage 
control layer 64, an insulating layer 67 is made to deposit on an insulating layer 66, and is formed. 
[0041] On the insulating layer 67, the ohmic electrode layer 68 in a circle is formed, and it is in 
contact with the surface periphery section of the breakdown voltage control layer 64 in accordance 
with the side attachment wall of insulating layers 66 and 67. This ohmic electrode layer 68 is the 
metal thin film formed with aluminum, and has good ohmic contact nature to the breakdown voltage 
control layer 64. 

[0042] In addition, a predetermined electrical potential difference is impressed to the ohmic 
electrode layer 68 through the terminal rod 72 from an external voltage source (not shown) by the 
bonding of a wire 71, for example, it is held at the negative potential of -145 V. Moreover, a 
predetermined electrical potential difference is impressed to the semi-conductor substrate 61 from an 
external voltage source (not shown) by installation on a stem 50, for example, it is held at the grand 
(GND) potential of 0V. Thereby, it is n+. The semi-conductor substrate 61 and p+ of a mold A 
depletion layer is generated as an avalanche multiplication field by between [ 62 ] the breakdown 
voltage control layers 64 of a mold (i.e., a carrier multiplication layer). 
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[0043] photoelectron e- which carried out incidence to the acceptance section 65 here electron 
irradiation gain until it arrives at an avalanche multiplication field — about 4x103 it is . Avalanche 
multiplication gain until these carriers pass through an avalanche multiplication field and reach the 
semi-conductor substrate 61 is about 30. Thereby, a semiconductor device 60 is Photoelectron e as a 
whole. - The gain of the secondary electron to receive is 105. Extent is reached. 
[0044] In addition, APD of the super-abrupt junction mold approximated to APD of such a step 
junction mold is indicated by JP,50-54290,A at the detail, for example. 

[0045] Next, the production process of the semiconductor device 60 in this example is explained. 
[0046] the usual CVD (Chemical Vapor Deposition) as the 1st step -- law - being based -- n+ On the 
whole surface of the semi-conductor substrate 61 which consists of a mold Si, epitaxial growth of the 
p mold Si is carried out, and the carrier multiplication layer 62 of p mold is formed. Next, based on 
the usual oxidizing [ thermally ] method, the insulating layer 66 which the surface field of the carrier 
multiplication layer 62 is oxidized, and consists of an oxide of Si is formed. Then, the carrier 
multiplication layer 62 located in the method of a circumference subordinate of an insulating layer 
66 is made to diffuse P selectively as an n mold dopant based on the usual thermal diffusion method, 
and it is n+. The guard ring layer 63 of a mold is formed. Furthermore, the carrier multiplication 
layer 62 located in the center-section lower part of an insulating layer 66 is made to difftise B 
selectively as a p mold dopant based on the usual thermal diffusion method, and it is p+. The 
breakdown voltage control layer 64 of a mold is formed. 

[0047] As the 2nd step, based on the usual CVD method, the nitride of Si is made to deposit and an 
insulating layer 67 is formed on the whole surface of an insulating layer 66. Next, based on the usual 
photolithography technique, a mask layer in a circle is formed on the periphery of an insulating layer 
67. Then, based on the usual dry etching method, the center section of the insulating layers 66 and 67 
is removed, the front face of the breakdown voltage control layer 64 is exposed, and the acceptance 
section 65 is formed. And based on the usual vacuum deposition method, on the acceptance section 
65 and an insulating layer 67, aluminum is made to deposit and the ohmic electrode layer 68 is 
formed. Then, based on the usual photolithography technique, a mask layer in a circle is formed on 
the surface field of the ohmic electrode layer 68 from the inside section of an insulating layer 67 to 
the periphery of the breakdown voltage control layer 64. Then, after removing the ohmic electrode 
layer 68 from on the center section of the breakdown voltage control layer 64 the periphery top of an 
insulating layer 67 based on the usual wet etching method, a mask layer is removed from on this 
fabricated ohmic electrode layer 68. 
[0048] Next, actuation of this example is explained. 

[0049] First, if a predetermined electrical potential difference is impressed from an external voltage 
source, while predetermined potential will generate to photoelectric cathode 40 and an electron lens 
80, high potential generates by the electron lens 81 and the stem 50. Thereby, inside a vacuum 
housing 20, the electric field which pass each opening of electron lenses 80 and 81 from a 
semiconductor device 60, and go to photoelectric cathode 40 occur. 

[0050] Moreover, while predetermined potential generates in the ohmic electrode layer 68, high 
potential generates with the semi-conductor substrate 61. Thereby, since the reverse bias electrical 
potential difference is impressed to the interior of a semiconductor device 60, the depletion layer 
prolonged toward the breakdown voltage control layer 64 from the plane of composition of the semi- 
conductor substrate 61 and the carrier multiplication layer 62 generates as an avalanche 
multiplication field. 

[0051] Here, if an external feeble light, for example, the fluorescence generated from the living body 
minute amount matter, carries out incidence to the light sensing portion of an entrance window 30 as 
photon hnu, this photon hnu will penetrate the interior of an entrance window 30, and will be 
absorbed by photoelectric cathode 40. Therefore, the electron located in the valence band of 
photoelectric cathode 40 excites to a conduction band, and it is Photoelectron e by negative electron 
affinity operation. - It carries out and is emitted into a vacuum. Thus, photoelectron e emitted from 
photoelectric cathode 40 - It moves to the electric field opened toward photoelectric cathode 40 
through the electron lens 80 from the stem 50 face to face, and incidence is carried out to the 
acceptance section 65 of a semiconductor device 60. 

[0052] In addition, photoelectron e emitted from photoelectric cathode 40 with the electron lens 80 - 
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It is the aperture phi 2 of the acceptance section 65 to make it converge on one on the acceptance 
section 65, although it is theoretically impossible. It is possible to make it converge on extent. 
Therefore, each photoelectron e - Incidence will be carried out to the location where the acceptance 
sections 65 differ. 

[0053] Photoelectron e which carried out incidence to the acceptance section 65 of a semiconductor 
device 60 - Whenever it loses energy about 3.6eV inside the carrier multiplication layer 62, the 
electronic-electron hole pair of a couple is generated. Therefore, single photoelectron e - By 
incidence, thousands of sets of electronic-electron hole pairs occur as a secondary carrier. Thus, the 
drift of the secondary carrier which carried out multiplication is countered and carried out to the 
electric field which go to the breakdown voltage control layer 64 from the semi-conductor substrate 
61. In this, an electron arrives at the avalanche multiplication field generated inside the carrier 
multiplication layer 62. At this time, it is Photoelectron e. - The receiving electron irradiation gain is 
about 4x103. It reaches. 

[0054] The electron which carried out the drift to the avalanche multiplication field repeats the 
avalanche multiplication process in which collide with the molecule which constitutes the carrier 
multiplication layer 62, and ionization is caused. Thus, the drift of the electron which carried out 
multiplication is countered and carried out to the electric field which go to the carrier multiplication 
layer 62 from the semi-conductor substrate 61, and it reaches the semi-conductor substrate 61. At 
this time, avalanche multiplication gain is about 30 and is Photoelectron e. - The total gain of the 
electron to receive is 105. Extent is reached. 

[0055] Here, the carrier multiplication layer 62 of p mold is n+. By being grown epitaxially and 
formed on the semi-conductor substrate 61 of a mold, dopant distribution of the carrier 
multiplication layer 62 is dramatically controlled by homogeneity. Therefore, avalanche 
multiplication gain is reducing the dependence over the generating location of the secondary electron 
in an avalanche multiplication field, and has obtained good uniformity. 

[0056] The reverse current corresponding to the amount of multiplication of such secondary electron 
is outputted to an external arithmetic unit through a wire 71 and the terminal rod 72 from the ohmic 
electrode layer 68. Therefore, based on actuation of an external arithmetic unit, the number of the 
photon which carried out incidence to the photomultiplier tube 10 is detected according to an 
individual one by one. therefore, the sensibility which reaches a quantum limitation in a feeble light 
which cannot be sensed with a naked eye — a single photoelectron — it is quantitatively measurable 
with counting. 

[0057] Next, the photomultiplier tube of an example and the photomultiplier tube of the conventional 
example were made as an experiment, and comparative experiments were conducted. 
[0058] The photomultiplier tube made as an experiment based on the example was constituted 
completely like the photomultiplier tube of the 1st example of the above. That is, in the 
semiconductor device, the carrier multiplication layer was formed with epitaxial growth, using Si as 
a semiconductor material. On the other hand, the photomultiplier tube made as an experiment as a 
conventional example was the usual photomultiplier tube which has the dynode of a 12-step 
configuration as an electron multiplier. 

[0059] In addition, in the electron multiplier of the conventional example, the 1st step dynode was 
formed by GaP and the step [ 2nd ] - 12th step dynode was formed by Cu-Be. Therefore, especially 
the photomultiplier tube of the conventional example had the highest energy resolution which can be 
attained as a conventional technique by the component of the 1st step dynode. 
[0060] By irradiating a near infrared ray to these photomultiplier tubes, energy resolution was 
measured, respectively. Here, the experiment conditions of the photomultiplier tube made as an 
experiment according to the example were as follows. 
[0061] 

Acceleration voltage to a photoelectron : -17kV, bias voltage: 145V which were impressed to the 
semiconductor device, amplifier linked to a semiconductor device : Ortec Model 142 A, the light 
source : LED (RED), ambient temperature : 25 degrees C 

Moreover, the experiment conditions of the photomultiplier tube made as an experiment by the 

conventional example were as follows. 

[0062] 
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Acceleration voltage to a photoelectron : Amplifier linked to -2.000kV and a semiconductor device : 
Canberra Model 2005, the light source : LED (RED), ambient temperature : 25 degrees C 
The output pulse pulse-height distribution of the photomultiplier tube made as an experiment 
according to the example to drawing 3 are shown. The output pulse pulse-height distribution of the 
photomultiplier tube made as an experiment by the conventional example to drawing 4 are shown. In 
these graphs, an energy calibration is given to an axis of abscissa, it is Channel Number 
corresponding to an incident light child's amount of energy, and an axis of ordinate is Counts which 
detected the incident light child who has the amount of energy corresponding to each Channel 
Number. 

[0063] consequently, in the conventional photomultiplier tube, it turns out in the photomultiplier 
tube of this invention that the energy resolution to a single photoelectron is resembling 14% 
markedly, and it is improving as compared with 30% - 100% of energy resolution to a single 
photoelectron. Moreover, also in the bottom of the conditions which considered the noise by the 
amplifier linked to a semiconductor device, the energy resolution to a single photoelectron hardly 
deteriorates theoretically. Therefore, the energy resolution to an incident light child can be 
substantially raised by attaining the uniformity of the gain in the carrier multiplication layer of a 
semiconductor device. 

[0064] Here, in the conventional electron tube which contained PD as a semiconductor device, 4.3% 
of energy resolution to a single photoelectron is obtained under the ideal conditions which removed 
the noise by the amplifier linked to a semiconductor device. However, the total gain over a 
photoelectron is 4x103. Extent and since it is comparatively small, under the realistic conditions 
which considered the noise by amplifier, it will decrease to 40% - 70% of energy resolution to a 
single photoelectron. 

[0065] Moreover, in conventional PMT (PhotomultiplierTube) which built in a multistage dynode 
and a multistage anode plate, the secondary electron multiplication factor by the dynode of the first 
rank is comparatively as small as 10. however, the secondary electron multiplication factor 
according to the breakdown voltage control layer 64 of the first rank with the photomultiplier tube of 
this invention - 4x103 it is - since - it is large far rather than the secondary electron multiplication 
factor in conventional PMT. In addition, as compared with this conventional PMT, the improvement 
in the energy resolution in the photomultiplier tube of this invention originates in the secondary 
electron multiplication factor by the dynode of the first rank being large. 

[0066] As compared with the photomultiplier tube of the 1st example of the above, 2nd example this 
example changes a part of semiconductor device, and is constituted. 

[0067] As shown in drawing 5 , the square pole-like semiconductor device 60 is constituted as APD 
almost like the 1st example of the above. However, unlike the 1st example of the above, the carrier 
multiplication layer 62 has about 30 micrometers of thickness, B is doped by concentration 
abbreviation 1013-101 5cm-3 as a p mold dopant, and it has specific resistance about ten to 1000 
ohm-cm, and is formed. Moreover, the guard ring layer 63 has about 50 micrometers of the same 
thickness as the thickness of the carrier multiplication layer 62, and is formed. 
[0068] Furthermore, unlike the 1st example of the above, the concave separation slot 69 in a circle 
has the depth which arrives at the front face of the semi-conductor substrate 61 in the center section 
of the guard ring layer 63, and is formed in it. The insulating layer 70 is deposited and formed in the 
whole front face of this separation slot 69. 

[0069] This insulating layer 70 is the insulating thin film formed with the nitride of Si. The thickness 
of this insulating layer 70 is about lOOnm. In case photoelectric cathode 40 is formed, in order not to 
degrade the semi-conductor property of the carrier multiplication layer 62, an insulating layer 70 is 
made to deposit on the front face of the carrier multiplication layer 62, and is formed. 
[0070] In addition, APD which has such a separation slot is indicated by JP,57-10987,A at the detail, 
for example. 

[0071] Next, the production process of this example is explained. 

[0072] As the 2nd step following the 1st step in the production process of the 1st example of the 
above, a disc-like mask layer is formed on the center section of the insulating layer 66 based on the 
usual photolithography technique. Next, by using the KOH solution heated as an etching solution 
based on the usual wet etching method, the periphery of an insulating layer 66 and the guard ring 
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layer 63 is removed, the front face of the semi-conductor substrate 61 is exposed, and the separation 
slot 69 is formed. Then, based on the usual CVD method, on the whole surface of an insulating layer 
66 and the separation slot 69, the nitride of Si is made to deposit and insulating layers 67 and 70 are 
formed. 

[0073] As the 3rd step, a mask layer in a circle is formed on the periphery of an insulating layer 67 
based on the usual photolithography technique. Then, based on the usual dry etching method, the 
center section of the insulating layers 66 and 67 is removed, the front face of the breakdown voltage 
control layer 64 is exposed, and the acceptance section 65 is formed. And based on the usual vacuum 
deposition method, on the acceptance section 65 and an insulating layer 67, aluminum is made to 
deposit and the ohmic electrode layer 68 is formed. Then, based on the usual photolithography 
technique, a mask layer in a circle is formed on the surface field of the ohmic electrode layer 68 from 
the inside section of an insulating layer 67 to the periphery of the breakdown voltage control layer 
64. Then, after removing the ohmic electrode layer 68 from on the center section of the breakdown 
voltage control layer 64 the periphery top of an insulating layer 67 based on the usual wet etching 
method, a mask layer is removed from on this fabricated ohmic electrode layer 68. 
[0074] Next, an operation of this example is explained. 

[0075] This example acts almost like the photomultiplier tube of the 1st example of the above. 
However, in the semiconductor device 60, the thickness and specific resistance of the carrier 
multiplication layer 62 are greatly set up as compared with the above-mentioned example. Thereby, 
if a reverse bias electrical potential difference is impressed to the interior of a semiconductor device 

60 based on actuation of an external voltage source, the depletion layer prolonged toward the 
breakdown voltage control layer 64 from the plane of composition of the semi-conductor substrate 

61 and the carrier multiplication layer 62 will be formed by comparatively large thickness. 
Therefore, since the capacity of an avalanche multiplication field becomes small, working speed 
improves, therefore, a feeble light which cannot be sensed with a naked eye — much more — high 
sensitivity — a single photoelectron — it is quantitatively measurable with counting. 

[0076] It is not restricted to many above-mentioned examples, and this invention can perform 
various deformation here. 

[0077] Moreover, the acceptance section of a semiconductor device is exposed and formed in many 
above-mentioned examples. However, even if the acceptance section of a semiconductor device 
covers and forms the acceptance section by the insulating layer which consists of a nitride, when 
electrification by the exposure of a photoelectron is a minute amount, it is suitable. 
[0078] Moreover, in many above-mentioned examples, Si is used as the base as a component of a 
semi-conductor substrate, a carrier multiplication layer, and a breakdown voltage control layer. 
However, as a component of semi-conductor layers various [ these ], it is also suitable to use 
InGaAs. 

[0079] Furthermore, it sets in many above-mentioned examples, and is n+, respectively as a 
conductivity type of a semi-conductor substrate, a carrier multiplication layer, and a breakdown 
voltage control layer. A mold, p mold, and p+ The mold is set up. However, when germanium is 
used as the base as a component of semi-conductor layers various [ these ], it is p+, respectively as a 
conductivity type of a semi-conductor substrate, a carrier multiplication layer, and a breakdown 
voltage control layer. A mold, n mold, and n+ Even if it sets up a mold, the almost same operation 
effectiveness as the above-mentioned example is acquired. 
[0080] 

[Effect of the Invention] As explained to the detail above, if an external feeble light carries out 
incidence to the entrance window of an envelope as a photon in the photomultiplier tube of this 
invention, a photoelectron will be emitted from photoelectric cathode and incidence will be carried 
out to the acceptance section of a semiconductor device. The secondary carrier generated by energy 
disappearance of this photoelectron repeats and carries out multiplication of the process which 
generates an electronic-electron hole pair. Furthermore, while arrived at the avalanche multiplication 
field, and a carrier repeats and carries out multiplication of the avalanche multiplication process in 
which the component of a carrier multiplication layer is made to ionize. 
[0081] Here, the dopant distribution is dramatically controlled by homogeneity by growing 
epitaxially and forming a carrier multiplication layer on the semi-conductor substrate which has a 
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different conductivity type from this. Therefore, avalanche multiplication gain reduced the 
dependence over the generation-of-carriers location in an avalanche multiplication field, and has 
obtained good uniformity. 

[0082] Since the reverse current corresponding to the amount of multiplication of such a carrier is 
outputted from an ohmic electrode layer, the number of the photon which carried out incidence to the 
photomultiplier tube is detected according to an individual one by one. Therefore, by measurement 
by the conventional photomultiplier tube, it is extended to measuring an incident light child's number 
by measurement by the photomultiplier tube of this invention as compared with having been 
restricted to detecting an incident light child's existence, therefore, the sensibility which reaches a 
quantum limitation in a feeble light which cannot be sensed with a naked eye according to the 
photomultiplier tube of this invention — a single photoelectron — it is quantitatively measurable with 
counting. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 4 ] 
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Abstract of JP8148113 

PURPOSE: To largely improve energy resolution 
by disposing a carrier multiplication layer 
obtained by epitaxial growth and a breakdown 
voltage control layer of dopant concentration 
higher than the former on a semiconductor 
element opposite to a photocathode. 
CONSTITUTION: A photocathode 40 for 
producing photoelectrons due to photons, a 
semiconductor element 66 for multiplying 
photoelectrons, opposite to it, and electron 
lenses 80 converging photoelectrons are 
disposed in a high-vacuum vessel comprising an 
enclosure 20, a light incident window 30 and a 
stem 50. In a photomuftiplier tube 10, as above, a 
carrier multiplication layer 62 with dopant 
obtained by epitaxial growth being uniformly 
distributed is disposed on a semiconductor 
substrate 61 of a semiconductor element 60. A 
breakdown voltage control layer 64 of dopant 
concentration higher than the former is disposed 
on the layer. A photoelectron receiving portions 
65 is partly exposed by means of an insulating 
layer 67 and an ohmic electrode layer 68. 
Accordingly, uniformity in avalanche 
multiplication gain for photoelectrons is attached 
and energy resolution is largely raised, so that 
high sensitive and quantitative measurement of- 
faint light becomes possible. 
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xm^DnK^lM^inX^ > MxtfSW- 1 5 k 

vccffiMsn-c^s. 3feiii4 0it r.>u#y 10 

#JM, 0U;UiK. Na, Cs, SbfrMSnTO 

□&</>i itf)16mmt*^. 
[0 0 2 6 ] K#W2 1©SsSI5«C«. -IS*TD*lf6.n 

x^mvidmRo)-? * -*^iS8 i *gi5^e<j{c^{c 

t-as o«:>pf(S]L/-c^-r-5^r-g:g$nri^„ ? 
=f-*xti8 lit ^ajmEEai #>6ix 
mt2 izftLxytn<mm4 0(Dwm'm!ztm— ©se 20 
^EPflnsn. $m*n®.m- 1 5 kv«:^$n-r^ 

[0027] K#W2 2cD^gptc« > -awoatf^n 

r»ffib/t*£Rli£tt©:7=i---#X1Iffi8 2*5SS#lft 

2«, xfA5 occ^bngssc-rs^fsg^nr 

10 *>65?#fvt2 2^/M^-CgrS©^]E*Entt]$ti, M 

x«s{4^ov«:^}#$n-rt;^ 0 &*j v 7*-wi 30 

[0028]XfA50 ©JtSffliJCnSfLLiUi, ¥*f*X 

riggsnr^s. c©¥zSf*3S^6 o©fgj£-r&ms 

16 6i, X?A5 OCSMT^ l^iClfiUfci 
JSK©^^7 2i«. ^JSSSf©?-^-? l©4ig§|5£ 

7E<DnK.zwto2ft> Mx.ttnQ.m- 1 4 5 vicmzz 40 
nr^-So ttc. ¥m#m* 6 o©»mm> ^sb^ee 

KDBUttimEip]— ©^E^EPJjtlSft. W^.«m{jfc^0 

[0029] ^§^7 2(i t ¥m#m*6 0tP*> 
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[0030 1 S2 ictjk-t <fc 5 K. HftaK©^»««-T- 
6 0«. APDiUt^hTl,^. C©^***?- 
6 0«. 3fc«l&fi&3 Oa^fttB^tvCmTU^XSOfc: 

«iW S T 5 OTtfctH 

[0 03 1 ] ¥«tt©*igf*S«6 1 ©*ffeg|3±K:«. 

g#s«6 1 ©jaazaj-hKtt. rwk©#- f y >yn 

63ii+t 'J Tiffg® 6 2 £|B|— ©BWSr* tyTiBfiSS 
®R©» tt^ESHOTJI 6 4 3 nt i, > -5. . 

[0032] 1 «. mi n 

©#5gftgffi6 1 tt, MH^5 0 0 /xm^t, n§9 F 
wOhiOtP^aaftl 0 1 ' cm-'TF-^'Sn, 
tbffitotfjO. 0 1 Q • cm*f 

[0 0 3 3]* + '; TiffiSBe 2 ». 02 awes-rfcfo 

tplOS i£¥g#tt«6 lKCJh^ + J/tJUSfi 

fi!6 2li. JS/H^l 0 wnn&WU pfiF-^Ohi 
OTBSriSffiiftl 0 l, ~l o 15 cm-'tF-^n, it 
ffifa#3l~l 0 0Q • cmfcWL-TV-S. +t'J7i9fi 
116 2© F-/-c> Klt^tBEfcSljai/fcSffi* 
EPJWl/fc 6 1 £©4S£B*»6i£#a£ 

2Mtfi&Vm&.ffl®m 6 4 (CBJ*T SfittN&S. 
[0 0 34] fcfc. C©^ f 'J T*i{gJi6 2 KfeUtl 
If fcttJ&tt*«# bt * £ * * f f ^RSfi 3 @S d 
tt, $5j5 jum~*tj5 0 wm©ffiHK^nSJ:^{Csa5E 
■T-5C<fc*iSf®-C*-5„ MJld*!^5 0 um£*) 

biziS^mG, MBJffiKD F-^'> h««©7FK)-ttA5 

y ^©3-7 * 5 ^ -< + U T©^fig«Cfe# 0 

<^€»©t. ^-f-e- <,ctt?2>n+miyj>z&ffi, 

[0 035] CCT, Jl^d^^Jl 0 MmieiSSeCfcffi 
fitt. SPiSx^^-^l 5 k e V-rjSWStMtJWB^ 

ffli^©/lJ1^3 Mmt^OT, 3^m^e- K*f-T5m 

-f-Mwy -c>©s 6 ^^ffifstcff ? ^. s fc^c-en 

[ 0 0 3 6 ] il- F V >y/16 3 «, ^1 ^«S© F- 
/OhiltnSKwO F^r+f U7Hfi«e 2©JS 

- f y > vm 6 3 «, t+y rm%m 6 2 ©mji i 



&¥aK*££8 i<Di&&tm-<Dim.mi 0 l5 cm- 3 -C 
f - 7' 3 nr (,>•*>,, 

[0 0 3 7 ] &{*SJE*IJWB6 4«. *2#1S©K- 
/OF4LtpfflF-/0 'J7ifteJ16 2©« 

BD4>Afm(cMttltC 1/ -CJMS3 *ifc*«S*SW*»T?* 
■5. C©KK*mEESfl8lllI6 4fcS:, liil*)lMmlrfL, 
pSK-;OhiL,tB4f»ftI«6 l©tMC4H— 
©iSKi&l 0 1 ' cm-'fF-^SftT^-S. C©[$t£3 
EEMffllJI 6 4©*ffi#ifeSPK:«, p»£K©*ga$6 5 # 
#SI^4 0K*flS)UTRffi3iVCV£. 10 

[0 0 3 8] co«SSS6 5«:fc(,»r. jfcS^-e 

0 m m£TF ©KBK ^ £ ft £ «fc 5 KBBEf 5Ci #JtfM 

[0 0 39] gggP6 5 ©SiaWKffia-r -5»««ElW 20 
®Ji 6 4 ©Sl®MijiSP±©A-SP# <t . Jtf- F U > ifM 6 
3©*S^±itC{*. 2^I©S5,«B6 6. 6 7#flg 

jftiM6 6», S i <Dm.it 

mxmm, 3 nteasttiit* * „ c©*&,#ji6 6©ji 

J5«*\J2 0 0nmt*5. *&&Jf6 7tt, S i <om\M 

xmi& 3 ftfc*ft*tt»»ca s . c (Dtmm eiomm 

lt%}5 0 nm-C£>£„ 

[0 040] ftfc. iS&BUf 6 6 «, H- F V >^JI6 3 

RtffcttttfflwaMi 6 4 + y rmm 

y r^fgjs e 2 o>$mffl&zmtzMxi&mrz> i>w 

+ >J r *9«JB 6 2, #- F > dTO 6 3 mm&M 

16 6±«cii8t3-eTJBJfrrSt>©T**. 
[0 04 1 ]^16 7i«:B, PBIKcd*-??** 
tl6 8 3WJgfiR3 tlX fe 0 , |6#g 6 6. 6 7 ©«SK 

»-a r ?mm.E.fflwm 6 4 ©*®^sp«:gteu-c^ 

JSKSlgt?* «) . MS«flSEE«ffll*6 4K:»l/rSJ i fft*- 40 
[0 04 2] &*s, t-^^liieSB, 7 

7 i (Dtfyf-i yific^-jx^WEm (E^ufc^) 

fieitt, ^7-A5 0 iOSgtCfcoTttSBSffilS (El 
5> F (GND) «fcCC«f#3tiTl,>.&. CttfCj:*). 

n* m©*^s«6 lip- m<D&v&gj£umm6 4 
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5>^iJ»flMBtt4 ur£j?X3ftSo 
[0 04 3] CCt, §!ggP6 SCcAML/cTfem^-e- 

>«> #J4X10 J X&Z. cn6©+r 'J7*S7^7 

-e©7^-7>'>**ng-5 r ' -(>«:, ,ft3or*5. cn«: 

ZSffcy-fi'B, 10' ISKStS. 
[0044] C©J: ^^PSSS^KDAP DvCiS 

«0faHKBSK£a©APDKHl,-Ctt 4 WA«?*HBB 

5 0-5429 0#&«fci&MK:f3i83ftTt,»S. 

[0 045] ^K. #3£ffiWC:fotf *30Sft:3ft^-6 0 © 

SBtxfiK: oi, » r ^ r -s . 

[0 04 6] SlO^f-^iLt, M^©CVD (Ch 
emical Vapor Deposition ) ffiSCS~?U"C, n* MS i 
*>6tt**aWt««8 l©i!l(CpSS i^iWt 
-> f JL-fiKS 3 «r P S©* ♦ 7iffSJf 6 2 SrJgJjfrr 

6 2©»M««*«fl:SttTS i ©^-fb®I*>e»^4» J seM 

r . IfiHW 6 6 ©JiagTFTf CcffiiW s+ + y r«MB» 
6 ZKnSF-^> FiL.-rP*j^?fi ! 5«:ffitS[3-a-rn 

< m©**- f y 6 3 &&mtz>. 3 am© 
mmwc&icm^-x:, tmm6 6 ©^gpr^ccag-r 

y7«?f&)16 2KpSF-'0 F i LTB^SJR 
WCCffifJ 3 # T p * S©Pf tf&K.ffl®m 6 4 ^ff$fi!rr 

[0047]*2OXfs^i0r, igOCVDffiK 
iTfiSll6 6©^:®±«CS i ©g-ffrt^rii^ 
i±-C^#B 6 7 %Bf&*Z>. 'XiC. m%<DV * b Wtf 
57 ^K«-A>t. ^#)S6 7©il2gl5±K:R^« 

Kf^lEmni 6 4 ©^® ?:Sm 3 #r^^g|5 6 5?:» 

jew*, -eo-c. iscxMtSKi^^t, s^gu 

6 5SO'$6^)16 7±(CA 1 >£*a3i±r^- 5 9** 
®B6 8<&^T-5. com. I*©7*Fyvy57 
fi^RKa^i-r. *6#B 6 7 <Drtffittft>5l«etflEIM 
ffllJl 6 4 ©iS2gP(CM-5*- 5 9 6 8 ©Sl®« 

«Jb«cRsit«©v^*fli%jgia-rs. jis©-? 

xvH^?> VWicm^X . IfiHW 6 7 ©J!2S|5± 
t^{^EtiJ®ll6 4©4 , *SP±i*6*-5 9 
J16 8^^40/cfa, C©fi8BSfifcsf--5 
6 8±*>6v^^Jl^^-rS. 

[0 048] 2pg»6WDtbff«:-3i,>-CBM8rs. 

[0 049] *-S*. JWU«E»3&»63fSO«BE*BlflI-r 

(S-r-Siifcic. m^U>X8 lS^Xr-ASOKiO 
»>«fi#fflSt5. CftKiO. SC^SIs 2 0 ©1*3 gp 
tC«, ^lft3R-T-6 0*f.l^U>X8 0.81 ©§|g 



(6) 



[0050] ifc, 9 6 8 icmMn&fr 
f&rs. ctucj^. mm#m+6 cxoftmaz, 

f V TiffSJg 62i ^ttmUMSUi 6 4 iC 

fox* xmmc&2.m-&7 /< > ~> * tif^i^i u -c* 

[ 0 0 5 1 ] C CX\ 9\-®<D$mtelt. Wx.&£.#dkM 

?>&$ll tcmmw* hv±u xam& 30©^ 10 

tHStiSo c©i^«:3feliS4 O^jfttBSti/c&iI 

^4 0{C[6]*>-pT|g&l//cm^«:»|SjL.-C^ttU. ¥ 
mwmi- 6 0 ©S^SP 6 5 «: AWT £ „ . 
[0 0 5 2] ftfe, l^l/^8 0(CJ:- 3 t)tSii4 
O^e&tfiSftfcpfcm^e- 5:^956 5 ±©—-S{ciR 20 

oytm? e - ras^sp 6 5 <owt s<£gfc:A*f 

[0 0 5 3] ^{*^6 0<D^gP6 5 (CAItlft:3E 
m+e' ». 'JTif{gJ16 2©rt3$f x*;l/*"-^ 
3. 6 e V^&^tC— M<D^*-iElW%:£J&??>. 

fctf^ b ft:— + 7 \t . ^2f#S1£ 6 1*6 F3«S 30 
ffiMSPJf 6 4 Ctfa* 5 HJUftftft L/tF';7ht5. C 
©tp-CH^WU * + 'J TiffgJg 6 2 ©rtSB&CfeSLfcT 

/^^^^iffg^fcuj^-rs. c©^ ytni-e- 

[0 0 5 4] 7rtz>lsis=.t%feffimt K'J7 h L-fcH^ 

*> icftfg u /cn-?-tt . 6 i * 6 * * <; 7 mm 

6 1 Kld^-r-S. £!©££, T^'^>~>^it^V>« 40 
>B10 ! SSCca-T5„ 

[0 05 5] CC-C. pl©+t ';rif^J16 2Kn l 

**t<gy >«> T'<9 >->x if m«<*«:fc«- £ - yt 
iI^©f6£{^tc#t-£«#£{£®l<Tfc^ jyf?fc:x 

[0 0 5 6] C © J: 5 -^m^OifftfiK^Io O/cjM 50 



3¥8 - 1 4 8 1 1 3 
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VOm+Wl 2ZftLXH3aWi&l£mi<Ctitf}2ti2>. -e© 

fee*, ^gBsst^gcDiEiiKcs^^-c^ ytn^m mm 1 

[0 05 7]X(C. 3e»W©3l£*^i«flMlifie3|E«036 

[0058] m&micm^ >x&.vel tcitm^mmm 

[0 05 9] fcfc* ta£3tS«©« : F-*IM9«{c*J«.»-C«, HI 

la^^-FfiGaP-rjgjssn. ^2@:~^i2® 

#<{s- F»Cu-B eX-BtfiStlX^tc. t<Dtc£>. 

*f-ftMm*mbx^tc. 

[0060] ch^cDft'm+mismcttLximwMz 

[0 06 1 ] 

«C9«ID L- test JrxmEE 

A. 

[0 06 2] 
V. 
005 , 



- 1 7 kV, 
14 5V. 
Ortec Model 142 

LED (RED), 
2 5°C. 



-2. 0 0 0k 



Canberra Mods! 2 



: LED(RED). 

#H«SS : 2 5 -C. 

H 3 K. ^MWK: J: 0 85ff Ufc36«**IMef«©ffi^-«^ 

Kfcl^tt, $fftrax*;u^-8ffi£JSSttTA*f3frF- 
©x^^+'-ajcStlSb/cChannel Number-C* ^ . ffifi 
«#Channe1 NumbeKc5ftl£:.b/'cx^.;l/+*--S?rW-rSA 
*t^^^fcB 0 -tCounts-C*-5» 0 

[0 06 3] c©^*. «E*©^-?ii«€«:*i^r# 
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— JWf K8-rsx*JMr-4MittB3 0%~ 1 0 0%iC 
[0 0 6 4] CCT, ^^W«S-¥-<bUrPD*F'jj8{0fc 

<e>, ytm^-icitf-f h h-*juy>f >«i4x i o 3 ggi 

tMSffyh $ nfcfcfc , WBStc J: 4 -/ -f X£ « L- fc* 
t&4 0%~7 0%fCffi-^L/-CL/$ -5. 

[006 5 ] sfc, &moy<< s-irtf§mt*ftmi, 

fcfi£*©PMT (PhotomultiplierTube) TtJ, Vl&<D 

PtttttEBWfM 6 4 tc «fc S^fcWFif <S*tt 4 X 1 0 3 
r*-5©T\ ^©PMTfeteWS-;X^if{g^<fc»3 
TO C©«£3fc©PMT 
iHSBrr S t . 3t««<E*lf»(SfKfctf 4 x *)\,df 

[006 6] fif2ggj5Sffg 

&mm a . ±k» i m&Mvft^mmm t tm i> . 

[ 0 0 6 7 ] 0 5 K^f cfc 5 tc. raftttK©45aWSRT- 
6 0(t ±E»l*(6«iaiil5I««:L/rAPD<tOr 
SfoSSttTO*. fcftiU JbJEJIIljWiW * 
tyrHii6 2», JWViKj3 0 (im^Wl, pIF- 
Y-tUTBZWi&mi 0 13 ~1 0 15 cnr'T F-7' 
I±ffiSi#Jl 0~1 0 0 0 Q • cm^ltM? 

■ 6 2©»«<t|3— ©JWM&5 0 Mm£W0TJ£j£$*i 

[006 8] S6(C, F U > fm 6 3 ©Ef&giKt 

TO*. C©$MB»6 8©*ffi£ttCCtt. MUM 7 Oft* 

*§»UTj&(£SftTi,».&. 

[0 06 9] C©ffcl§J17 0«> Si ©S({t«rC3gfi8S 

nfc^tt^Sf $> 4 . c ©taiM 7 o ©m® ttft i o 

0nmt*i, *&»JB7 0«. %fii@4 0$^i 



C7) ' #§§¥8 - 1 48 1 1 3 
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®{c . tt »; rwttm 6 2 ©*ffi±ic*a $ ax mzr 

h<b<DX$>2>. 

[0070] fete, C©<£5&a-lt8*£*r-r5APDK: 
SLtB, 0f*.t£l9IIIIB5 7- 1 0 9 8 7-5f£&{Ci$Jffl 

(cteig^nTos. 

[0071] *SQtw©«»xe«:r3»,>rBiwr 

[0 0 7 2] ±E» 1 SOtWDKjSISKfcWSSr 1 © 
10 7^77 -*S«tt:»-3l»r. jfilM8 6©cf*§i3±fCR 

?>yj£fcS-3t>T, x-^^^ibTM&bfcK 
OH««*ffll»4C4{cJ:0. J6W1 8 6 ROW- K U 
> yjl 6 3 ©Jffi28P« HK£ bT*«ffcS& 6 1 ©5tM£ 
WHStK ^»8I6 9*J|5JSW*. *Hr»r, 3i3£©CV 

s i <om{tm^mms-&rtmm 67,70 *«r 

[0 07 3 ] ISOXf^iUt, ii^©7* h >J V 
20 ^^^KI^T. «SJf6 7©S2SP±(CRSS 

>^S<cS-5^-C. itl6 6, 6 7©cfii*iS|3£|&*L 

THtfttlfflWWJB 6 4 ©*ffi£SiH3 $ -ttr *«W 6 5 € 
0JST4. -e^T. jB*©J^(Mfi£{carJ(,>-C, S§ 
2B6 5 RlftZMkm 6 7±(CA 1 *ltaSi±r t- 5 » d7 
SiM6 8^ti. c©m> ji^©7* f-';v^-7 

7 ^ tmicm^ . fftira 6 7 ©rtffiij5g*> e. 
©jwji 6 4 ©iaasp«:s4 5 v ?imm e 8 ©^s 
mm±icpimi[R<D-??.?mzmi8,?z. m^x, am© 

30 •? x h x » > ^ffitcS-^t^r . 6 7 ©i^agp 
Ji<b»««EEJW«BiniB 4©**»±i*6*-5 

H6 8±*>6vx^il*Hi*TS. 
[0 07 4] ^fc, «ai«©^«:ot,»r«W"r5. 
[0075] AtiNtt, jbfBflsr i mMm<D%n*mfe 

i>t+t <) rig feme 2©dJ¥s<^itffi5T:«> iisuss 
40 at xmK&wuaz tizt. mm#mm i <t + y r 

-cjic?-5^^Jl*ii:k^W^#0Jl , l-C^fiS$*a4 0 ^© 
fc©> T^-7>'>xi9^gM^©Sfi*s^3 < %4©r> 

[0 07 6] CCr, 4*IBB±iE!^Q6W«:K6hS 

[0 07 7] ±§3«JI!SMCc*j(,>-C«, 4^lfM( 
50 X©^gi5«Si±JOr^3nT'v^. 0*0^5516. 
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C8) 



[ o o 7 8 ] s/c. ±eaeos««:4jc»r«, 

n6«a*a«*Ji©«j!a»t»i orw. i n g a a s * 
[0 07 9] 3 ±E«aE«W«:te(,»ri*. 

[0080] 

HS©A«.««: A«r*i. 3C«««*6*«?3WBaH 20 
Cc, r^5>^a*ti&««*«:Siail/A:— + 'J7 

[0081] cc-c, vrmfemitctitrntizm 

{OWfflStlTl,**. T-rtZ^is l>*30 
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: tt. 7A5 >S/xi|fiHWtt4i<ei}t*«* + 'J T©^gfe{4 
[0 08 2 ] C<D«fc 5 ft* * U TOiffSS(cMEEbfci2 

«U *»?BO*« J f-«W&««:J:4fl«'C«:. AMftT 
^WO^WfaMMffc cfc n«, m&tc «fc -a tsarc 

[H 1 ] 1 3B*«o«JS 

£*rr»rffi0T&-5>. 

[h 2 ] b 1 <Dft^mfew&tettz>¥m#m : T-<Dmm 

[0 3 ] m 1 *^K*^i,»TKf¥Ofc*«-T-i»«*ce 
[04] ffi3(E«iOrKffUfc*«^i«gF««:*5W5a 

[05] **^<D^^*»fi»tc»s*2^WK:bfcr 

[^©^HJ] 

1 0 -jl&WfJfflMf. 2 0-*fM. 3 0-AM3K. 4 
0 5 6 6 1 

-*aM*«S. 6 2- + t'J7JifflH, 6 4-PSttiE 
MSP*. 6 6 7-«iS, 8 8-*-i9 

S'SffiJf . 6 9 8 0-tfU>X. 



[0 1 ] 



[02] 





65 



68 




//////// / 



-67 
-66 

*63 



(9) 



^mW- 8-148113 



[03] [04] 




' ' ' ' /' / s / ' 



60 



7D> h«-¥<D%i% 



i72-)§mm 5JH mm. 



(72)169^ ill* $Uk 



1$gS¥8 - 1 48 1 1 3 



m*mm 17^02 ommc «t iE©®ig 

[^fB] ?fiS14^1^18B (2 00 2. 1. 1 8) 



i&m&^] - 1 4 8 1 13 

l£mB] ¥fS8^6^7 B ( 1 9 9 6. 6. 7) 

temmfteW 8 - 14 8 2 
[mm#-^] *»P6 - 2 9 0 0 7 0 
[ffli^l^^7J!S] 

H01J 43/12 

H01L 31/107 
[F I ] 

H01J 43/12 

H01L 31/10 B 



[SfflB] W13¥7^30B (2 00 1. 7. 3 
0) 

i^mmiE i ] 

[^^©SIB] 

c (oitnmmt *t ft l x m^w^^icwLm. § 

uib¥«^»^«> is i &nm<D¥m#mm £ . 

i* 2 mmm<D*r + >j riffs® £ . 

c©* * y T*tfSHi±«:?BjsRsnrStt* f y rtiteB 

IS 2 * W@ £ . 

c it #9 2 ] sjf b^hi*@ £ smb*****?- £ ©us «c 
morSR^aiW**^ ©«ria«SBiMc#< n^>x* 



t^StHliE2 ] 

[»iE«*3ie«] ooii 

HtEfrtt] ISM 
[ffjEAig] 

[o o 1 1 ] cct, mimwm<D¥m 

£« ft. Stm«*fflW»«©3lffi©5fcfflr 

IE*- 3 9 ^sffiHct&fcnr^tc^s&fl-©— 

K«fc»J*«Stirt»4. C£*^Si!£-r?.o 

C1fijE*«U«B«] 0 0 13 

C^MiE4] 
[JiiE*t&#»S] qilttMF 

[MiEfcMUBSS] 0 0 19 

[0019] C©<£ 5 'J T©if<gSK:*fft;OfcjM 

tmWSUfi. 9*«W*»'5i1-aWSfl«««:ffiA 

$fts. ■€•©&:«>. ft%mw&s.<omatiK.&-?\,*x> % 



